ABSTRACT-The validity of the parvipelvian ichthyosaur genus Protoichthyosaurus was evaluated by examining the type material and recently recognized specimens. Protoichthyosaurus has a wide forefin with at least five primary digits, an anterior digital bifurcation in the forefin, a humerus that is nearly equal in width distally and proximally, and a coracoid with welldeveloped anterior and posterior notches, features it shares with the more common genus Ichthyosaurus. Previously, Protoichthyosaurus was synonymized with Ichthyosaurus because of an incomplete understanding of forefin variation in the latter taxon. However, Protoichthyosaurus has several features in the forefin that distinguishes it from Ichthyosaurus, including the presence of three elements in the distal carpal row, a contact between distal carpal 3 and the ulnare, a bifurcation of distal carpal 2 to form two elements in the metacarpal row, the proximal element of the bifurcation nearly separating distal carpal 2 from distal carpal 3, distal carpal 3 separating the intermedium from contact with distal carpal 4, and the absence of digit V. A phylogenetic analysis confirms that Protoichthyosaurus is the sister taxon of Ichthyosaurus and is nested in Ichthyosauridae. We recognize two species, P. prostaxalis and P. applebyi, sp. nov., but not P. prosostealis. Protoichthyosaurus is unequivocally from the Hettangian but might be present in the Rhaetian to lower Sinemurian. The genus is geographically widespread across the U.K.
INTRODUCTION
proposed a new Lower Jurassic genus of ichthyosaur, Protoichthyosaurus, based on an unusual forefin morphology that displayed both latipinnate and longipinnate characteristics, major subdivisions of the Ichthyosauria at the time (McGowan, 1972) . The genus and Family Protoichthyosauridae were diagnosed by forefins displaying one of two morphologies: (1) three distal carpals and an anterior digital bifurcation in the forefin or (2) a supernumerary bone contacting the intermedium anteroproximally. The latter was described on the basis of a single specimen, and the morphology is likely a pathology, as discussed below. The former, however, is distinctly different from Ichthyosaurus, with which Protoichthyosaurus has been synonymized (Maisch and Hungerb€ uhler, 1997) . Appleby (1979) noted that although both genera have a digital bifurcation anterior to the primary axis of the forefin, Protoichthyosaurus has only three elements in the distal carpal row, whereas Ichthyosaurus has four (Fig. 1 ).
Unrecognized composites and pathologies, however, have made the distinction between the two genera difficult to justify. Many specimens of Ichthyosaurus in historic collections were altered, often with the addition of a fin or 'tail,' probably to create a more attractive specimen for display (Massare and Lomax, 2016) . Although not intended to be deceptive, this practice led to the notion that fins of Ichthyosaurus are more variable within an individual than is actually the case. Appleby (1979) must have been aware of the variation because his diagnosis specified that either the left or right fin have three distal carpals, the Protoichthyosaurus pattern, although he did not recognize the specimens as composites. The 'individual variation' caused by composite specimens with a forefin from each genus may have also led Maisch and Hungerb€ uhler (1997) to synonymize the two genera because the forefins were too variable, and thus unreliable, to distinguish the genera. Subsequently, Maisch (1997) , Maisch and Matzke (2000a) , and McGowan and Motani (2003) agreed with the synonymy. However, with the recognition of composites and pathological forefins in specimens from historic collections, the differences in the mesopodium described by Appleby (1979) are sufficient, at least in well-preserved forefins, to separate specimens of Protoichthyosaurus from Ichthyosaurus and any other Lower Jurassic ichthyosaur genus. Additionally, we have identified other characters that distinguish
The holotype and two of the paratypes of Protoichthyosaurus prostaxalis Appleby, 1979 , are part of the Charles Moore Collection housed at NMW, on long-term loan from BRLSI (Fig. 2) . Another of the paratypes, an isolated forefin, is presently lost (LEICT G454.1951/164; M. Evans, pers. comm., 2016) , but a line drawing exists (Appleby, 1979:fig. 1e ). The fourth paratype (OUMNH J.13799), as well as the holotype of Protoichthyosaurus prosostealis Appleby, 1979 (BRLSI M3572), do not belong to the genus (see discussion below). Including the type and paratypes, 22 specimens of Protoichthyosaurus have been evaluated in this study, including articulated skeletons, as well as isolated skulls and forefins (Table 1) .
The question of possible composites arises in examining partial or fairly complete skeletons from historic collections. The holotype (BRLSI M3553) and one of the paratypes (BRLSI M3555) appear to be entirely authentic. Specimen BRLSI M3563, a partial skeleton also designated as a paratype by Appleby (1979) , is a composite. The entire skeleton is in several blocks of matrix, placed into plaster and surrounded by a wooden frame. The left fin is set into and entirely surrounded by plaster, but the right fin, although a crack is present, is set in matrix and articulates with a portion of the skeleton (Massare and Lomax, 2016) . The left forefin has been added to the . Note four elements in distal carpal row and five elements in metacarpal row. B and C are reversed to show same orientation. Abbreviations: 2, distal carpal 2; 3, distal carpal 3; 4, distal carpal 4; bi, bifurcation; ii, metacarpal 2; iii, metacarpal 3; int, intermedium; iv, metacarpal 4; ph, phalanx; R, radius; rl, radiale; U, ulna; ulr, ulnare; v, metacarpal 5. Scale bars equal 5 cm.
specimen and is an example of Ichthyosaurus, whereas the right forefin is genuine and can be assigned to Protoichthyosaurus. The block that has the right forefin (Protoichthyosaurus) also has a portion of scapula and ribs, which probably belong together. However, the skull is separated from this block and entirely surrounded by plaster, as are the hind fin and pelvis. Therefore, although the skull, hind fin, and pelvis may belong with the right forefin, they cannot be definitely identified as belonging to the same individual and should not be used in any phylogenetic study or description of the species. Conservation work may reveal what portions of this skeleton are authentic and what has been added, as was the case with another specimen from the NMW collection (Buttler and Howe, 2002; Buttler and Stooshnov, 2002) .
Specimen AGC 12 was also identified as a composite by Massare and Lomax (2016) . However, this was because the left forefin is almost entirely placed into plaster and reconstructed. This fin has the Ichthyosaurus forefin structure, whereas the right forefin has the Protoichthyosaurus pattern. It is possible that the left forefin belongs to the same specimen but was rebuilt incorrectly when it was placed into the plaster. Based on the morphologies of the right forefin and skull, however, we identify this specimen as an example of Protoichthyosaurus.
Specimen BU 5323 is an isolated, three-dimensional skull. Unfortunately, there is no geographic or stratigraphic information with the specimen, but it is clearly Protoichthyosaurus (see below). However, the skull has always been associated with at least five additional blocks of matrix that together form one FIGURE 2. Holotype and paratype specimens of Protoichthyosaurus prostaxalis, all probably from the Lower Jurassic of Somerset, U.K. A, holotype (BRLSI M3553) skull and pectoral girdle in ventral view. B, paratype (BRLSI M3563), right forefin in dorsal view, anterior to the right. This specimen is a composite partial skeleton, so only the forefin is figured. C, paratype (BRLSI M3555), partial skeleton lying on its left side, in lateral view. The other paratype (LEICT G454.1951/164) is not figured because the specimen is presently missing. Scale bars equal 10 cm (A), 5 cm (B), and 20 cm (C).
block and contain a string of vertebrae, ribs, and a hind fin (BIRUG 4176a-e). They might be the same individual, but no record exists (J. Clatworthy, pers. comm., 2017). The additional blocks will not be discussed further. Another isolated skull in three dimensions is GLAHM V1180, which is a part and counterpart specimen. It is noteworthy for the preservation of soft tissue (Delair, 1966; Lingham-Soliar, 1999) . Massare and Lomax (2016) identified UNM.G.2017.1 (previously, UON VR159, UON TC3199) as a 'suspicious' specimen because the skull appears to be on a separate block of matrix and separated from the postcranial skeleton by about 3 cm of filler material. The skull is a darker color than the anterior centra, but those have been sheared off and the internal bone surface is exposed. Furthermore, the coloration varies in the precaudal region, and the color of the skull matches some of the neural spines, as well as other elements. Furthermore, additional preparation has shown that the matrix is continuous between the skull and postcranium (N, Larkin, pers. comm., 2017) . Thus, the skull, forefin, entire precaudal region, and the anterior caudal centra are from a single individual. Almost all of the caudal centra, however, have been set in plaster. The posterior, straight segment of articulated centra, making up about half of the tail, has most likely been added. Additionally, some of the most distal elements of the forefin have been set into plaster but are consistent in size with the rest of the fin. The articulated skeleton is clearly Protoichthyosaurus based on forefin morphology.
SYSTEMATIC PALEONTOLOGY
ICHTHYOSAURIA de Blainville, 1835 PARVIPELVIA Motani, 1999b ICHTHYOSAURIDAE Bonaparte, 1841 PROTOICHTHYOSAURUS Appleby, 1979 Type Species-P. prostaxalis Appleby, 1979 . Referred Specimens-The following specimens are too incomplete to be referred to a species but can be referred to the genus on the basis of the forefin morphology: TTNCM 41/2017 (formerly TV52), a fragmentary ventral skull and forefin; NHMUK R1063, a large forefin; NHMUK OR29672, a partial forefin with soft part preservation; UORCMZ FE19-1, a partial skeleton of a very small individual; and OUMNH J.26971, an isolated proximal forefin. In addition, the right forefin of BRLSI M3562 and the left forefin of BRLSI M0653 can be referred to the genus, although both specimens are composites and the aforementioned fins probably do not belong to the main skeletons (Massare and Lomax, 2016) . Specimens that are sufficiently complete to assign to a species are listed below.
Locality and Horizon-NHMUK OR29672 is from Barrowupon-Soar, Leicestershire, and LEICT G454.1951/164 might be as well; NHMUK R1063 is probably from the Lyme Regis area, west Dorset (Lydekker, 1889:50) , although the preservation is more similar to that of Street, Somerset; OUMNH J.26971 might also be from the Lyme Regis area according to museum records. TTNCM 41/2017 is probably from Somerset (D. Parsons, DRL, pers. comm., 2016) . UORCMZ FE19-1 is from an unknown location. BRLSI M3562 and BRLSI M0653 are also from unknown locations, but because they are part of the Charles Moore Collection, they most likely come from Somerset (Copp et al., 1996) . In addition, specimens of the type species are from Nottinghamshire, Somerset, Leicestershire, and Warwickshire (England) and Glamorgan (Wales). Thus, Protoichthyosaurus is among the most geographically widespread genera of ichthyosaurs in the Lower Jurassic of the U.K.
The specimen from Barrow-upon-Soar is probably from the lowermost Jurassic (lower Hettangian), 'Pre-Planorbis Beds' (Tilmanni Zone; Martin et al., 1986) . Similarly, specimens from Nottinghamshire, Somerset, and Warwickshire are also Hettangian in age. The specimens that might be from Lyme Regis (NHMUK R1063, OUMNH J.26971) present the possibility that the genus continued at least into the lower Sinemurian. Historic specimens from 'Lyme Regis' are usually considered upper Hettangian-lower Sinemurian in age (McGowan, 1974b) . However, areas along the coast near Lyme Regis, such as Charmouth and Seatown, have strata that are as young as lower Pliensbachian (Lomax, 2010; Page, 2010) , and rare ichthyosaur specimens have been reported from the lowermost Hettangian in the area (Benton and Spencer, 1995; Page, 2010) . Furthermore, Rhaetian (uppermost Triassic) strata are exposed in the Lyme Regis area, along Pinhay Bay (Benton and Spencer, 1995:fig. 5.3; Gallois, 2007) . The basal beds of the Blue Lias Formation are also probably Rhaetian (Weedon et al., 2017) . The genus is definitively from the Hettangian but might extend from the Rhaetian to the lower Sinemurian. Emended Diagnosis-Protoichthyosaurus is distinguished from other ichthyosaurian genera by the following autapomorphies of the forefin: distal carpal 3 contacts the ulnare; proximal element of bifurcation in metacarpal row nearly separating distal carpal 2 from distal carpal 3; and intermedium separated from contact with distal carpal 4 by distal carpal 3. The combination of three elements in the distal carpal row and a bifurcation of distal carpal 2 producing four elements in the metacarpal row is unique for the genus.
Protoichthyosaurus is also characterized by the following unique combination of characters: pineal foramen probably between frontal and parietal (as in other Lower Jurassic taxa such as Leptonectes, Temnodontosaurus, and Stenopterygius; McGowan and Motani, 2003; Motani, 2005) ; long internasal foramen (most similar to Shastasaurus liangae; also reported in some specimens of Ichthyosaurus and Temnodontosaurus, in Platypterygius australis, and other taxa; McGowan, 1974a; Maisch and Matzke, 2000b; Sander et al., 2011; Fischer, 2012) ; posteriorly wide nasals (as in Ichthyosaurus and Stenopterygius; Motani, 2005; Maxwell et al., 2012) ; triradiate lacrimal (shared with some species of Ichthyosaurus, Temnodontosaurus, and others); large, somewhat triangular external naris (as in Temnodontosaurus and I. conybeari); maxilla excluded from margin of the external naris by subnarial process of premaxilla and anterior process of lacrimal (shared with Ichthyosaurus, some species of Stenopterygius, Temnodontosaurus, and others; Maisch and Matzke, 2000a) ; anterior process of jugal does not extend beyond anterior edge of orbit (shared with some species of Ichthyosaurus and others); teeth with large roots having deep, prominent grooves (shared with some species of Ichthyosaurus, Temnodontosaurus, and others); coracoid with wide anterior and posterior notches (shared with Ichthyosaurus); scapula with long shaft, and slightly expanded anterior end, but without prominent acromion process (shared with Ichthyosaurus, Temnodontosaurus, and Suevoleviathan; Maxwell et al., 2012; Lomax, 2016) ; humerus nearly equal in width distally and proximally, with slight constriction in the shaft (shared with Ichthyosaurus); presence of three elements in distal carpal row of forefin (shared with Temnodontosaurus, Suevoleviathan, Eurhinosaurus, and others; Motani, 1999a) ; only distal carpal 3 in broad contact with the intermedium (shared with Temnodontosaurus, Suevoleviathan, and others); digit V absent (shared with Temnodontosaurus and some Triassic genera; Motani, 1999a) ; five primary digits in forefin, although fin must be preserved to the fourth phalangeal row to verify number (shared with Ichthyosaurus, Stenopterygius, and others; Motani, 1999a) ; bifurcation of digit II in phalangeal row of forefin (shared with Ichthyosaurus); and forefin phalanges closely packed, mostly rectangular, but rounded at distal end (shared with Ichthyosaurus, Platypterygius, and others).
Remarks- Appleby (1979) erected the genus Protoichthyosaurus to 'unite' two unusual forefin morphologies. This was reflected in two mutually exclusive diagnostic characters: (1) a forefin with three distal carpals and a fourth digit arising anteriorly in the metacarpal row, or (2) a forefin with a supernumerary bone in contact with the intermedium. The first character was diagnostic of P. prostaxalis, whereas the second was diagnostic of P. prosostealis.
Protoichthyosaurus prosostealis was based on a single specimen, BRLSI M3572 (formerly B. 1963'24/OS), in which a supernumerary element is positioned anteroproximally to the intermedium and surrounded by the radius, radiale, ulna, and intermedium. This feature is present in both forefins of BRLSI M3572 (Fig. 3A, B) . The same morphology occurs in one of the two forefins of NHMUK OR49204, but the supernumerary element is present only in the right fin; the left fin clearly shows the morphology of Ichthyosaurus (Fig 3C) . The specimen is not a composite, which suggests that this morphology is a pathology. The same morphology also occurs in the right forefin of NHMUK OR39844, but the left forefin is not preserved (Fig. 3D) . In all other respects, the carpus of BRLSI M3572, NHMUK OR49204, and NHMUK OR39844 is identical to that of Ichthyosaurus. Thus, P. prosostealis is not a species of the genus Protoichthyosaurus. PROTOICHTHYOSAURUS PROSTAXALIS Appleby, 1979 Figs. 2A-C, 4A-B, 5A
Holotype-BRLSI M3553 (formerly B. 1963'5/OS), comprising a partial skull, pectoral girdle, and both forefins, preserved in ventral view. Referred Specimens-AGC 12, a skull and partial skeleton; BU 5323 (formerly BIRUG 27683), a skull preserved in three dimensions; GLAHM V1180, part and counterpart partial skull in nodule; LEICT G729.1889.1, a partial skull that might be associated with caudal centra; NHMUK R36958, a skull preserved in three dimensions; NMING F8747, a badly damaged skull and skeleton; NMW 2012.23G.1, a nearly complete skull; NOTNH: FS13770, a partial skull; UOD D1, a partial skull, preserved in three dimensions; WARMS G347, a complete skull preserved in three dimensions.
Locality and Horizon-The type series and all except one of the referred specimens are from historic collections. Locality data are not recorded for some of them. Specimens BRLSI M3553, BRLSI M3555, and BRLSI M3563 are most likely from the area around Street, Somerset (Appleby, 1979) , as are AGC 12 and probably NMING F874 (pers. observ., D. R. L.). Specimen GLAHM V1180 is from the Severn Valley area, Gloucestershire; NOTNH: FS13770 and UOD D1 are from Barnstone, Nottinghamshire; WARMS G347 is from Binton, Warwickshire; NHMUK R36958 and LEICT G729.1889.1 are from Barrowupon-Soar, Leicestershire; NMW 2012.23G.1 is from Lavernock Point, Penarth, Glamorgan; and BU 5323 is from an unknown location.
The Somerset specimens are most likely from the lowermost Jurassic (lower Hettangian), 'Pre-Planorbis Beds' (i.e., Tilmanni Zone) of the Blue Lias Formation (McGowan 1974b; Benson et al., 2012 Benson et al., , 2015 , although some might be Rhaetian (Gallois, 2007; Weedon et al., 2017) . The Barrow-upon-Soar specimen is likely from the Tilmanni Zone also (Martin et al., 1986 ). 1 cannot be identified, and the posterior and dorsal skull roof are damaged and the sutures cannot be identified. Abbreviations: en, external naris; f, frontal; if, internasal foramen; ju, jugal; la, lacrimal; mx, maxilla; na, nasal; pf, postfrontal; pif, pineal foramen; pmx, premaxilla; po, postorbital; prf, prefrontal; qj, quadratojugal; sq, squamosal; st, supratemporal. Scale bars equal 5 cm.
FIGURE 5. A, Protoichthyosaurus prostaxalis paratype (BRLSI M3563), right humerus in dorsal view. At the crack, the distal portion is displaced slightly from the original position. B, P. applebyi, sp. nov., holotype (UNM.G.2017.1), left humerus (reversed) in dorsal view. Note the distinct ridge at the proximal end of the dorsal process. Anterior is to the right in both specimens. Scale bars equal 5 cm (A) and 3 cm (B).
Museum records indicate that the Glamorgan specimen is Hettangian, from the Blue Lias Formation. The material from Nottinghamshire is from the Lower Lias Group, Hydraulic Limestones (lower Hettangian; Lomax and Gibson, 2015) . The Warwickshire specimen is from the lowermost Jurassic (lower Hettangian), Wilmcote Limestone Member of the Blue Lias Formation (Smith and Radley, 2007) . Thus, Protoichthyosaurus prostaxalis is definitely from the Hettangian but might be as old as Rhaetian.
Emended Diagnosis-A medium-sized species, total length probably less than 2.5 m. It is distinguished by the following autapomorphies: large, dorsoventrally high, triangular maxilla with a long anterior process that extends at least half a length beyond the external naris, and beyond nasals in lateral view; dorsoventrally short, but anteroposteriorly wide, almost rectangular, postorbital; and lacrimal dorsal process longer than anterior process.
Protoichthyosaurus prostaxalis is also characterized by a unique combination of features: prefrontal makes up less than half of orbit dorsal margin but excludes dorsal process of lacrimal from orbit margin (shared with Ichthyosaurus larkini and I. somersetensis); prefrontal slender posteriorly but dorsoventrally wide anteriorly (shared with I. larkini and I. somersetensis); rectangular squamosal with triangular process extending ventrally from the posteroventral edge (shared with I. somersetensis); postorbital makes up no more than half of posterior orbit margin (similar to I. communis); robust humerus with small dorsal process that is centrally located and does not extend far down the shaft (similar to I. somersetensis); hind fin with three elements in distal tarsal (third) row (shared with some specimens of I. breviceps, I. conybeari, and I. somersetensis); and femur head robust, but with narrow shaft and distal end wider than proximal (similar to Excalibosaurus costini and Leptonectes tenuirostris).
Remarks-Forefin morphology can distinguish Protoichthyosaurus from other genera but does not distinguish species within the genus; a similar situation occurs in Ichthyosaurus . This creates a problem in that the holotype (BRLSI M3553) and two of the paratypes (BRLSI M3563, LEICT G454.1951/164) display only traits of the genus ( Fig. 2A,  B) . They would not be assigned to P. prostaxalis had they not been designated as the holotype and paratypes by Appleby (1979) . So, by definition, they are specimens of P. prostaxalis, but none of these specimens display the diagnostic characters of the species that are herein recognized on the other paratype, BRLSI M3555 (Fig. 2C) , and referred specimens.
DESCRIPTION
The following description is based largely on the paratype (BRLSI M3555), and some well-preserved referred specimens, as noted below. Specimen BRLSI M3555 is a partial, articulated skeleton with a skull, preserved in right lateral view. It includes a partial forefin, pectoral girdle elements, both femora, a vertebral column, and ribs (Fig. 2C) . The specimen is approximately 1.6 m long, from the tip of the rostrum to the bend in the tail, measured along the vertebral column (Table 2) . Only a small portion of the postflexural vertebral column is preserved. The specimen can be referred to the genus on the basis of forefin morphology.
Skull
The description of the skull is largely based on BRLSI M3555 (Fig. 2C) and BU 5323, a well-preserved skull in three dimensions that clearly shows the sutures (Fig. 4A, B) . The description of elements, unless otherwise stated, are in lateral view. The skull is low and has a relatively long and slender rostrum. The orbit is anteroposteriorly wider than dorsoventrally tall, even in specimens that do not appear to be dorsoventrally crushed. In BU 5323 and NHMUK R36958, the frontals are damaged but appear anteroposteriorly longer than mediolaterally wide. The pineal foramen is probably situated between the frontal and parietal, unlike in Ichthyosaurus, but more similar to other Lower Jurassic taxa such as Leptonectes, Temnodontosaurus, and Stenopterygius (McGowan and Motani, 2003; Motani, 2005) . The parietals are damaged in all specimens, and most of the supratemporal is missing or poorly preserved. In dorsal view, the nasals are very wide posteriorly, constituting almost all of the anterior portion of the skull roof, similar to Ichthyosaurus and Stenopterygius (Motani, 2005; Maxwell et al., 2012) . A long, prominent internasal foramen is present at the posterior end of the nasals in all specimens that expose the dorsal surface of the skull. In lateral view, the nasal makes up less than half of the dorsal border of the external naris (UOD D1, NHMUK R36958, NWM 2012.23G.1). The nasals do not extend beyond the anterior process of the maxilla in lateral view. In NHMUK R36958, however, the nasals appear to extend beyond the anterior process of the maxilla in right lateral view because the premaxilla is broken posteriorly, exposing the nasals. In left lateral view, the nasals do not extend beyond the maxilla on this specimen. The prefrontal makes up less than half of the dorsal margin of the orbit but contributes to more than half of the anterior margin of the orbit. Posteriorly, it is slender, but the anterior process is dorsoventrally wide and extends ventrally to the level of the external naris. The anterior process is more than three times as dorsoventrally wide as the posterior portion. The anterior process of the prefrontal excludes the dorsal process of the lacrimal from the orbital margin, similar to Ichthyosaurus somersetensis and I. larkini . The lacrimal is triradiate, as in I. communis, but with a narrow anterior process that extends half or less of the external naris length. The dorsal process of the lacrimal is tall and narrow and is noticeably longer than the anterior process. It makes up the entire posterior margin of the external naris. The posteroventral process of the lacrimal is longer than the dorsal and anterior processes and contributes to less than a fourth of the ventral margin of the orbit. In NHMUK R36958, a small foramen is present at the posteroventral end of the anterior process of the lacrimal.
The maxilla is large, triangular, and very tall dorsoventrally, with its highest point positioned ventral and posterior to the center of the external naris. The anterior process is longer than the posterior process, when measured from the highest point of the maxilla. In lateral view, the posterior process extends to just under the orbit, whereas the anterior process extends well beyond the large external naris.
The external naris is a large, somewhat triangular opening that is wider posteriorly than anteriorly. The subnarial process of the premaxilla extends across at least half of the external naris length, whereas the supranarial process extends at least a fourth and as much as half (as in UOD D1) of the external naris length.
The anterior process of the jugal is slender, positioned between the lacrimal and the posterior process of the maxilla; it does not extend beyond the anterior margin of the orbit. The jugal dorsal ramus is dorsoventrally thickened and bends at almost 90 in some specimens (AGC 12, NMW 2012.23G.1), but at a wider angle in others (BU 5323). In all specimens, however, it makes up almost half of the posterior margin of the orbit. The posterior-most portion of the jugal articulates with the ventral border of the postorbital, along a broad contact. The postorbital is a short, anteroposteriorly wide element with a dorsoventrally elongated, almost rectangular shape, but both the anterodorsal and anteroventral edges taper to narrow processes. This is best seen in AGC 12 because the element is badly damaged in BRLSI M3555 and damaged posteriorly in BU 5323 (Fig. 4A, B) .
The quadratojugal is incomplete in all specimens, although most complete in NMW 2012.23G.1. In lateral view, the dorsal end is flared and flattened, and somewhat fan-shaped; a cylindrical shaft widens ventrally into a bulbous end for the quadrate facet. The lower temporal arch between the jugal and quadratojugal is a shallow embayment, similar to that of Ichthyosaurus. The squamosal is positioned dorsal to the quadratojugal and postorbital. It is roughly rectangular, with a triangular process that extends ventrally at almost a right angle from the posteroventral edge, similar to that of I. somersetensis (e.g., NHMUK OR2013*). It is best seen in BU 5323 (Fig. 4A, B) and LEICT G729.1889.1 but is incomplete in the paratype BRLSI M3555. Anteriorly, the squamosal is wedged between the postfrontal and dorsal portion of the postorbital (Fig. 4A, B) . The postfrontal is anteroposteriorly long, making up almost all of the dorsal margin of the orbit. It is slightly flared posteriorly, where it has minor contact with the postorbital. In dorsal view, the postfrontal is long, wide, and flared anteriorly, contacting the frontal laterally and nasal and prefrontal anteriorly, with a minor posteroventral contact with the parietal.
Mandible and Dentition
The mandible is long and slender, especially in the prenarial region. In BRLSI M3555, the snout ratio (preorbital length/mandible length) is estimated to be 0.66. The morphology of the posterior portion of the mandible is best seen in AGC 12 and NMW 2012.23G.1. The dentary extends as far posterior as the middle or just beyond the middle of the orbit. The surangular occupies most of the postorbital region of the mandible but tapers to a point slightly posterior to the anterior end of the anterior process of the maxilla. The angular has only a minor exposure but extends anteriorly beyond the anterior margin of the orbit, about as far as the surangular. In the holotype, the surangular and angular extend to approximately the same point anteriorly in ventral view. The splenials are relatively robust elements but become narrow anteriorly, although they appear more robust in BU 5323. They extend much further than the angular and surangular, but their full extent cannot be determined because the anterior portion of the mandible is missing in the holotype.
The tooth morphology is best preserved in AGC 12. The teeth have large, relatively wide roots, but without an abrupt expansion of the root at the base of the crown. Tooth roots have deep longitudinal grooves that are clearly distinguished from the enamel of the crown. By comparison, the crowns are relatively short and not very slender, with longitudinal striations that do not reach the rounded tip (as observed in BU 5323). They fit the morphology of the 'crunch' guild of Massare (1987) .
Axial Skeleton
There are at least 41 precaudal centra preserved in BRLSI M3555, but the first is mostly covered and it is unclear if it is the atlas-axis. Centrum 42 appears to be the first caudal, as identified by the short ribs and the position of the right femur (Fig. 2C) . Similarly, NMING F8747 appears to have 40 or 41 precaudal centra. In both specimens, the centra are rotated so that rib articulations are not visible, and NMING F8747 is not well preserved, so the counts are estimates. The count is low in comparison with other Lower Jurassic ichthyosaurs, where it is usually at least 43 (Buchholtz, 2001) . Given the difficulty in recognizing the sacral region of the vertebral column, the difference is not large enough to be diagnostic. Specimen BRLSI M3555 has at least 74 preflexural centra, and an additional five wedge-shaped apical centra. In AGC 12 there are 77 preflexural centra and four to six apical centra.
The neural spines are tall, wide, and rectangular, and some appear slightly higher on their posterior edge relative to the anterior edge. In NMING F8747, the neural spine height increases from the atlas-axis to about centrum 20 and decreases posteriorly from there. Thus, the maximum height is about midway across the trunk. The middle portion of the ribs has a circular or elliptical cross-section, seen best in AGC 12. The anterior caudal centra have short, spatulate ribs.
Pectoral Girdle and Forefin
The coracoid has both a well-developed anterior and a welldeveloped posterior notch, as in Ichthyosaurus (McGowan and Motani, 2003) . The anterior notch is wider than the posterior notch, which results in a much wider posterior than anterior end. The coracoids are anteroposteriorly longer than they are mediolaterally wide. The glenoid facet of the coracoid is longer than the scapular facet. The clavicles are mediolaterally long and robust. The interclavicle is well preserved on two specimens, the holotype and AGC 12, although the morphology is slightly different. In the holotype, the interclavicle is 'T'-shaped and the medial process extends under half the length of the coracoid, where it is forked. In AGC 12, it is also 'T'-shaped, but the medial process extends at least half way down the coracoid but is not forked. The difference may be due to intraspecific variation or crushing. A complete scapula is not preserved in any of the referred specimens. However, the proximal end and part of the shaft is preserved in the holotype and BRLSI M3563 (paratype), which is a composite (although see above). The shaft and distal end are preserved in AGC 12. The scapula is long and slender, with a narrow shaft that is not markedly flared at the posterior end. The anterior end is widely flared but without a prominent acromion process. The coracoid facet of the scapula is twice as long as the glenoid facet. However, the pectoral girdle is quite variable in some species (Johnson, 1979; Maxwell and Druckenmiller, 2011) , so these features are probably not diagnostic, except perhaps at the genus level.
Both humeri are exposed in ventral view in the holotype. The humerus is robust, long, and is only slightly wider distally than proximally. The deltopectoral crest is large, slightly offset anteriorly, and extends less than half way down the shaft. The posterior end of the humerus is slightly flared. The distal end of the humerus has a small anterior facet, which is also present in AGC 12. The humerus is preserved in dorsal view in BRLSI M3563 (paratype) and probably in TTNCM 41/2017 (Fig. 2B, 5A) . In dorsal view, the humerus has the same proportions as that of the holotype: robust, longer than wide, and slightly wider distally than proximally. The dorsal process is small, centrally located, and does not extend far down the shaft. The radius and ulna are roughly equal in size. Three elements are in the distal carpal row, and digit V is absent, although at least one, and sometimes two, posterior accessory digits are present ( Fig. 2A, B) . Distal carpal 2 bifurcates, which results in four elements in the metacarpal (fourth) row. The proximal element of the bifurcation nearly separates distal carpal 2 from distal carpal 3. In AGC 12, and in one fin of the holotype, the bifurcation separates the two carpals and almost contacts the intermedium, but this does not occur in any other specimens. A second bifurcation of digit II occurs distally, a feature that is shared only with Ichthyosaurus (Motani, 1999a) . This results in five primary digits. Only one element in the third row, distal carpal 3, has a broad contact with the intermedium, and it contacts the ulnare proximally in all specimens. The intermedium is thus separated from contact with distal carpal 4 by distal carpal 3. The forefin elements are polygonal and proximal phalanges interlock in adults. The phalanges are rectangular and closely packed but are mostly rounded at the distal end.
Pelvic Girdle and Hind Fin
The pelvis and hind fin are preserved in BRLSI M3563, but that specimen is a composite (as discussed above) and they may not belong to the same individual as the forefin. The only other known pelvic bones are an isolated, poorly preserved partial ischium in BRLSI M3555 and poorly preserved, unidentifiable pelvic bones in NMING F8747 that provide no information on morphology.
The only well-preserved hind fin is in AGC 12, although it is somewhat disarticulated. The proximal end of the femur is damaged, but the distal end is wide and slightly flared posteriorly. There are at least three primary digits, (tarsal 3) in broad contact with the astragalus, and the tibia and fibula are approximately equal in size. A single disarticulated phalanx is notched, but its placement within the fin cannot be determined. The only complete femur is preserved in BRLSI M3555. The femur head is robust, but the shaft is narrow and the distal end is wider than the proximal (Fig. 2C) , somewhat similar to the femora of Excalibosaurus costini (ROM 47697) and Leptonectes tenuirostris (ROM 47698) in being anteriorly and posteriorly flared. Holotype-UNM.G.2017.1 (previously, UON VR159, UON TC3199), the only known specimen, a skull and articulated skeleton in left lateral view.
Locality and Horizon-No record. Possibly from Nottinghamshire or Leicestershire, based on preservation. Records indicate that fragmentary ichthyosaurian material in the UON geology collections is from Barnstone, Nottinghamshire, but this specimen is not mentioned (D. Large, pers. comm., 2017). The specimen is probably from the Lower Jurassic.
Etymology-In honor of paleontologist Robert M. Appleby, for his contributions to the study of ichthyosaurs. He first recognized the unique forefin structure of Protoichthyosaurus and erected the genus.
Diagnosis-Protoichthyosaurus applebyi is a small-to medium-sized species, probably with a total length of less than 2 m. It is distinguished from P. prostaxalis and all species of Ichthyosaurus by the following unique combination of characters: narrow, crescentic postorbital; dorsoventrally low maxilla that extends beyond external naris; nasal extends at least as far as anterior process of maxilla in lateral view; lacrimal anterior process as long or longer than dorsal process; and humerus with centrally located and somewhat plate-like dorsal process, forming a narrow ridge (similar to Ichthyosaurus larkini). Any one of these characters will distinguish P. applebyi from P. prostaxalis.
DESCRIPTION
Specimen UNM.G.2017.1 is referred to Protoichthyosaurus on the basis of forefin morphology. Protoichthyosaurus applebyi differs from P. prostaxilis in skull and humerus morphology, which warrants the erection of a new species (Figs. 4C, D, 5B, 6 ). The preserved length of UNM.G.2017.1 is about 135 cm, measured from the tip of the preserved rostrum and along the vertebral column to the last centrum of the tail (Table 2) , but the anterior portion of the rostrum is missing and some caudal centra probably do not belong with the specimen (see above).
Skull
The prefrontal appears to make up almost half of the dorsal margin and contributes to about half of the anterior margin of the orbit, although the posterior portion is poorly defined and might be damaged. Posteriorly, the prefrontal is slender, and the anterior process is expanded dorsoventrally and extends ventrally to the level of the external naris. The anterior process of the prefrontal is dorsoventrally wide but not as wide as in P. prostaxalis. The anterior process of the prefrontal excludes the dorsal process of the lacrimal from the orbital margin, but it does not extend as far ventrally nor is it as robust as in P. prostaxalis. The lacrimal is triradiate, with an anterior process that extends across at least half of the external naris length. The anterior process is about as wide as, but marginally longer than, the dorsal process of the lacrimal and is much larger than in P. prostaxalis. The dorsal process makes up the entire posterior margin of the external naris. The posteroventral process of the lacrimal contributes to about a third of the ventral margin of the orbit.
The maxilla is dorsoventrally low and is more bar-like than triangular. The anterior process extends slightly anterior to the external naris. The posterior process extends slightly under the orbit. The maxilla is separated from the external naris by a broader contact of the anterior process of the lacrimal and subnarial process of the premaxilla than in P. prostaxalis. The supranarial and subnarial processes extend less than halfway across the margin of the external naris. The nasal makes up more than half of the dorsal margin of the external naris and appears to extend much farther anteriorly than the anterior process of the maxilla in lateral view. The external naris is large and roughly triangular, as in P. prostaxalis.
The anterior process of the jugal is slender and does not extend beyond the anterior margin of the orbit, similar to P. prostaxalis. The jugal dorsal ramus bends at almost a 90 angle but is damaged dorsally, so contact with the postorbital is difficult to discern. It makes up less than half of the posterior margin of the orbit. The postorbital is crescentic, high, and narrow and makes up most of the posterior margin and some of the dorsal margin of the orbit. The postfrontal is poorly preserved, but it makes up less of the dorsal margin of the orbit than in P. prostaxalis (Fig. 4C, D) .
Much of the posterior portion of the skull and dorsal skull roof is missing or covered with plaster. Sutures in the mandible are unclear, and the posterior end of the mandible is missing (Fig. 4C, D) .
Axial Skeleton
The atlas-axis is present but sheared in half so that the interior is exposed. The neural arches are fused into one broad element. Counting the atlas-axis as centra 1 and 2, the 38th centrum has two facets for rib attachment; the 41st centrum has a single rib facet. The rib articulations on the two centra in between are not clearly preserved. Protoichthyosaurus applebyi has 38-40 precaudal centra, a low count for a Lower Jurassic ichthyosaur, but similar to P. prostaxalis.
The neural spines increase in height from the cervical to the mid-dorsal region and then gradually decrease in height but increase in width, into the posterior dorsal and anterior caudal regions. The posterior dorsal neural spines are unusually wide. The spines are higher than the centra until about centrum 30, where the height is about equal. Posteriorly, the neural spines are progressively shorter relative to centrum height.
Black material on top of the distal ends of the first few anterior ribs and scattered around the posterior dorsal ribs is reminiscent of soft tissue described by Martill (1995) . Stomach contents, comprising cephalopod hooklets, are preserved between the ribs. The longest rib measures 17.5 cm, although it is incomplete.
Pectoral Girdle and Forefin
The complete left scapula has a long narrow shaft that is flared at the anterior end, but without a prominent acromion process, although it is slightly buried. The posterior end is only slightly flared. The left coracoid is partly exposed, showing an anterior notch and suggesting that the coracoid is almost as wide or wider mediolaterally than anteroposteriorly; however, half of the coracoid is covered.
The articulated forefin of UNM.G.2017.1 shows the typical Protoichthyosaurus pattern of the carpal rows, with only distal carpal 3 in contact with the intermedium, and a bifurcation of distal carpal 2 (Fig. 1A) . Five primary digits are present in the forefin, which includes a distal bifurcation that occurs in the fourth phalangeal row of the anterior branch of digit II. Only a single element is preserved, and it is partly overlain by matrix. In BRLSI M3553, the holotype of P. prostaxalis, the elements of the anteriormost branch of digit II are similarly reduced in size, although the digital bifurcation is on the posterior branch. In UNM.G.2017.1, one posterior accessory digit starts at the base of the ulna. The first phalanx of the accessory digit is smaller than most of the more distal elements of this digit. Some elements of the right forefin are preserved but provide no additional information.
The humerus is 4.4 cm long, longer than wide, with the proximal and distal widths about equal (3.2 and 3.5 cm, respectively). The dorsal process is more prominent than in P. prostaxalis, and centrally located (Fig. 5) . It forms a narrow ridge proximally that is offset anteriorly, similar to the ridge on Ichthyosaurus larkini, but without a depression on the head. The dorsal process is more prominent in I. larkini.
Pelvic Girdle and Hind Fin
Of the pelvic girdle, only a relatively narrow, rib-like ilium is preserved. It is 3.3 cm long. One end, possibly the anterior, is damaged, but it is wider and more robust than the narrow posterior end. However, this difference may in part be due to damage. The femur is much longer than wide and about the same length as the ilium. It is sheared off, exposing the bone interior of the shaft and proximal end, and the distal end is broken. It appears to be robust proximally.
PHYLOGENETIC ANALYSIS
We added Protoichthyosaurus to the data matrix of Fischer et al. (2013) because this is the largest data set that focuses on parvipelvian ichthyosaurs and includes most of the Lower Jurassic taxa. We modified the matrix by removing poorly known Upper Jurassic taxa that were less than 40% complete: Arthropterygius, Maiaspondylus, Athabascasaurus, Chacaicosaurus, and Mollesaurus. However, Macgowania and Malawania, which are also less than 40% complete, were retained because the former was originally identified as a species of Ichthyosaurus (McGowan, 1996) and the latter was recovered as a sister taxon to Ichthyosaurus by Fischer et al. (2013) . We also removed Ophthalmosaurus natans and Platypterygius hercynicus and retained the better-known species of each genus, O. icenicus and P. australis. We modified the character list by simplifying Fischer et al. (2013) characters 48, 49, 55, and 65 (characters 39, 40, 46 , and 55 in our matrix) which resulted in recoding all of the taxa for each of these characters (Supplementary Data 1, 2) . Three other characters were slightly modified but did not require recoding. We also removed 12 characters and added two new ones (Supplementary Data 1) .
Ichthyosaurus communis, Protoichthyosaurus prostaxalis, and P. applebyi were coded based on our observations (Supplementary Data 1, 2). Ichthyosaurus communis was selected because it is the type species for the genus. Coding was based mainly on the neotype NHMUK R1162, supplemented by referred specimens from Massare and Lomax (2017) . Coding for Protoichthyosaurus prostaxalis was based mainly on BRLSI M3555, BU 5323, and AGC 12 (see description above). Coding for P. applebyi was based on the holotype and only specimen, UNM.G.2017.1. Ichthyosaurus communis could be coded for 53 characters (95% complete). Protoicthyosaurus prostaxalis and P. applebyi could be coded for 44 (79% complete) and 27 (48% complete) characters, respectively. This is the first time that Protoichthyosaurus has been included in a phylogenetic analysis. Aside from the modifications mentioned above, the coding provided by Fischer et al. (2013) was retained for all other taxa.
The analysis was performed using TNT 1.5, selecting the implicit enumeration option for the search, as recommended by Goloboff et al. (2008) for small data sets. Four trees of 104 steps (consistency index [CI] D 0.567 and retention index [RI] D 0.775) were found, differing only in the relationships among ophthalmosaurids and other taxa more derived than Stenopterygius quadriscissus. The strict consensus tree was bootstrapped with 1000 replicates, and the results show that P. prostaxalis and P. applebyi are sister taxa and that Protoichthyosaurus is sister to I. communis (Fig. 7) . The tree topology is also consistent with the diagnosis of Ichthyosauridae by McGowan and Motani (2003) and includes Protoichthyosaurus within the family.
The analysis unites Protoichthyosaurus and Ichthyosaurus on the basis of three characters: presence of a square or rectangular squamosal (character 11:0); presence of a lower temporal arch between jugal and quadratojugal (character 13:0); and tightly packed rectangular phalanges (character 43:1). The two species of Protoichthyosaurus form a monophyletic clade that can be distinguished from Ichthyosaurus on the basis of three characters: presence of three primary elements in the third (distal carpal) row (character 42:0); contact between distal carpal 3 and ulnare (character 45:1); and absence of manual digit V (character 46:0). The two species of Protoichthyosaurus differ in the extent of the nasals relative to the anterior process of the maxilla, in lateral view (character 2), which reflects differences in the morphology of the maxilla and nasal between the two species.
FOREFIN MORPHOLOGY
In Lower Jurassic ichthyosaurs, the arrangement and number of elements in the mesopodium of the forefin is invariant within a genus and that determines the number of primary digits in the forefin, unless a distal bifurcation is present, as in Ichthyosaurus, Stenopterygius, and Suevoleviathan (Motani, 1999a) . For example, all species of Stenopterygius display the same pattern in the mesopodium (Maxwell, 2012: fig. 1 ), as do all species of Temnodontosaurus for which the forefin is known (T. platyodon, NHMUK OR2003; T. trigonodon, McGowan and Motani, 2003: pl. 6 ; T. crassimanus, YORYM: 497; ?T. acutirostris, NHMUK OR14553; T. azerguensis, Martin et al., 2012) . In Ichthyosaurus, the distal carpal row consists of the three distal carpals and metacarpal 5, which is in contact with the ulnare. This arrangement does not vary in the six species of Ichthyosaurus, even though the forefin is variable in many other respects (e.g., number of primary digits, row of digital bifurcation, which digit bifurcates, relative size of branches of the bifurcation, etc.).
The mesopodium of the forefin of Protoichthyosaurus can be interpreted in three possible ways (Fig. 8) . One interpretation is that a short supernumerary bone is present between the radiale and distal carpal 2 (Fig. 8A) . Four elements are in the distal carpal row, as occurs in Ichthyosaurus, Leptonectes, Stenopterygius, and others (Motani, 1999a) . Distal carpals 2 and 3 contact the supernumerary bone, distal carpal 4 contacts the intermedium, and metacarpal 5 contacts the ulnare as the first element of digit V. As in Ichthyosaurus, the fifth digit is as prominent as the fourth. The supernumerary bone, however, occurs in all specimens of Protoichthyosaurus in which the forefin is preserved, including a very small individual that is probably a neonate. It seems unlikely that a supernumerary bone would occur this frequently and occur in very young individuals, in exactly the same position.
A second interpretation is that only three carpals are in the second row of the mesopodium, with metacarpal 3 nearly separating distal carpals 2 and 3 (Fig. 8B ). The problem with this interpretation is that distal carpals 3 and 4 do not contact their respective metacarpals distally. Distal carpal 3 has a broad contact with metacarpal 4, and distal carpal 4 has a broad contact with metacarpal 5. This lack of alignment is difficult to explain developmentally (Motani, 1999a) . In this interpretation, digit V is present and it is as prominent as digit IV, as it is in Ichthyosaurus.
A third interpretation, which we contend is correct, is that distal carpal 2 bifurcates to form two elements in the metacarpal row, both representing digit II, for a total of four elements in that row (Fig. 8C) . In this interpretation, distal carpals 3 and 4 align with their respective metacarpals along broad contacts. Digit V has been lost, unlike the condition in Ichthyosaurus and other genera (Motani, 1999a; McGowan and Motani, 2003:fig. 70 ). This is probably the interpretation that Appleby (1979) intended when he described the morphology as being neither latipinnate nor longipinnate, but an intermediate form.
The combination of three distal carpals, an anterior bifurcation from distal carpal 2, and four elements in the metacarpal row occurs in all specimens of Protoichthyosaurus that preserve a forefin. It can be difficult to tell which digit bifurcates because both distal carpal 2 and distal carpal 3 can have equally large facets that articulate with the first element of the bifurcation. In well-preserved forefins, however, digit III parallels digit IV, whereas digit II is displaced anteriorly by the bifurcation, indicating that distal carpal 2 bifurcates. This can be seen in the neonate specimen, UORCMZ FE19-1 (Fig. 9) . In the largest specimen (NHMUK R1063), proximal elements of the bifurcation interlock with elements of digit III, whereas they abut with elements of digit II (Fig. 8C) , again indicating that the bifurcation is in digit II. This also occurs in other large specimens (e.g., AGC 12 and BRLSI M3553) but is not evident on smaller forefins that have gaps between fin elements.
At least one posterior accessory digit is always present in the forefin of Protoichthyosaurus, even in small individuals; some large specimens have two posterior accessory digits (e.g., BRLSI M3553, NHMUK R1063). The small accessory digit is not digit V because in some specimens, the elements are largest at about the first phalangeal row and decrease in size both distally and proximally, unlike the elements in the primary digits that decrease in size from proximal to distal positions. Furthermore, the small, rounded elements of the accessory digits in Protoichthyosaurus are similar to those in Ichthyosaurus.
Protoichthyosaurus is not unique in having a bifurcation of a distal carpal. Some specimens of Ichthyosaurus have a bifurcation of a distal carpal to form five primary elements in the metacarpal (fourth) row (e.g., CAMSM X.50187, BRSMG Cb4997, NMW 91.29G.1; Fig. 1C ), ignoring accessory digits. Motani (1999a: fig. 6c, d ) argued that the bifurcation in Ichthyosaurus is always in distal carpal 3, although it is sometimes difficult to confirm. However, in Protoichthyosaurus, the bifurcation is always in distal carpal 2. Furthermore, in Protoichthyosaurus, the proximal element of the bifurcation is noticeably longer proximodistally than the other elements in the metacarpal row (Figs. 1A,  8C, 9 ), but that is not the case when a distal carpal bifurcation occurs in Ichthyosaurus.
FIGURE 8. Three interpretations of the forefin morphology of Protoichthyosaurus, based on NHMUK R1063, anterior to the left. A, this interpretation requires the addition of a supernumerary bone between the radiale and distal carpal 2. B, this interpretation results in distal carpals 3 and 4 not contacting their respective metacarpals distally. C, this interpretation, considered the correct one, results in the absence of digit V. Abbreviations: 2, distal carpal 2; 3, distal carpal 3; 4, distal carpal 4; bi, bifurcation; ii, metacarpal 2; iii, metacarpal 3; int, intermedium; iv, metacarpal 4; ph, phalanx; R, radius; rl, radiale; sup, supernumerary element; U, ulna; ulr, ulnare; v, metacarpal 5.
A problem in distinguishing the forefins of Protoichthyosaurus and Ichthyosaurus is a rare co-ossification that occurs in the forefin of some specimens of Ichthyosaurus, which mimics the morphology of Protoichthyosaurus, and so the distinctions described above are not always clear (Fig. 10) . Appleby (1979) referred OUMNH J.13799 to Protoichthyosaurus prostaxalis. This specimen is a practically complete skeleton in ventral view, with two well-preserved forefins. The forefins differ in the morphology of the mesopodium, with the left fin having the pattern of Protoichthyosaurus and the right showing the pattern of Ichthyosaurus. However, in the left fin of OUMNH J.13799, distal carpal 2 is coossified with distal carpal 3, with a faint line marking the boundary between the two (Fig. 10A) . This is probably a pathology, as was also noted by Motani (1999a: fig. 6f ). Only a subtle difference occurs in the pathological fin: the anterior element (distal carpal 2C3) in the third row has a broader contact with the intermedium than occurs on Protoichthyosaurus. It is difficult to quantify this difference, and it would be difficult to recognize in a forefin that was not well preserved, completely articulated proximally, or from a juvenile. However, a similar pathology occurs in NHMUK R3372, where again the two fins appear morphologically different, with the right fin having the morphology of Protoichthyosaurus (Fig. 10B) and the left that of Ichthyosaurus. As in OUMNH J.13799, distal carpal 2 and distal carpal 3 of the right fin are co-ossified, and a faint outline distinguishing the two is situated in the center of the element (Fig. 10B) . However, portions of both fins of NHMUK R3372 have been reconstructed and that raises the possibility that one or both fins have been added to the specimen (Massare and Lomax, 2016) . Another example of a similar co-ossification occurs on ANSP 15766, where the two anterior elements of the third phalangeal row of digit II are coossified at an odd angle on the left forefin (Fig. 10C) . Again, a faint line outlining the two elements is evident. Thus, when looking at forefins with the Protoichthyosaurus morphology, special attention should be focused on possible pathology in the third row of elements, especially if the two forefins have different patterns in the carpal rows.
The forefin of Protoichthyosaurus shares only two features with that of Ichthyosaurus: at least five primary digits and a distal digital bifurcation anterior to the primary axis in the forefin ( Fig. 8C ; Table 3 ). In Protoichthyosaurus, a distal bifurcation always occurs in a phalangeal row of one of the branches of digit II, whereas in Ichthyosaurus it occurs in digit II or digit III (Motani, 1999a; pers. observ.) . Macgowania, Stenopterygius, and probably Malawania, three other genera with forefins having at least four primary digits, lack this feature (Motani, 1999a; Fischer et al., 2013) . Macgowania janiceps was assigned to Ichthyosaurus when it was first described (McGowan, 1996) . Malawania is a sister taxon to Ichthyosaurus (Fischer et al., 2013) . However, the forefin of Ichthyosaurus shares important features with Macgowania, Malawania, and Stenopterygius. Digit V is FIGURE 9. Photograph and illustration of the right forefin of a neonate specimen (UORCMZ FE19-1) of Protoichthyosaurus ventral view, anterior to the left. Note that digit III parallels digit IV, whereas the two branches of the bifurcations in digit II do not. Abbreviations: R, radius; U, ulna. Scale bar equals 1 cm. present and distal carpals 3 and 4 contact the intermedium in all four genera. In contrast, the forefin of Protoichthyosaurus lacks digit V and lacks contacts between the intermedium and distal carpal 4 ( Table 3 ). All of the forefin features of Protoichthyosaurus can be seen in a neonate (UORCMZ FE19-1; humerus length D 1.8 cm), as well as in adults (e.g., BRLSI M3553, left humerus length D 6.4 cm; BRLSI M3563, right humerus length 8.8 cm). For specimens with well-articulated forefins, these characteristics can be used to distinguish Protoichthyosaurus from Ichthyosaurus and other ichthyosaurian genera with a high degree of confidence.
IDENTIFYING PARTIAL FOREFINS AND ISOLATED SKULLS
Another issue that arises in recognizing specimens of Protoichthyosaurus is that small, isolated forefins superficially resemble hind fins of some species of Ichthyosaurus. Hind fins of I. breviceps, I. somersetensis, and I. conybeari frequently have just three elements in the third row, with tarsal 3 in broad contact with the astragalus. The fourth row has four elements, arising from a bifurcation of the anterior digit. Without a preserved femur, a hind fin with this morphology could be confused with a forefin of Protoichthyosaurus, which has the same number of elements in the third and fourth rows. In hind fins of I. breviceps, the bifurcation seems to occur on the anterior side of the anterior digit (Fig. 11A) . Neither branch of the bifurcation separates elements in the third row, as occurs in the forefin of Protoichthyosaurus (Figs. 1, 8C) . In most hind fins of I. somersetensis, the two elements of the bifurcation are smaller than the other elements in the fourth row. In addition, the first element of the posterior branch of the bifurcation does not separate the elements in the third row (Fig. 11B ). This contrasts with the large, pentagonal element that nearly separates the first two distal carpals in the forefin of Protoichthyosaurus (Figs. 1, 8C, 9) . At least one specimen that is probably referable to I. somersetensis, however, has a hind fin with a pentagonal element in the posterior branch of the bifurcation and shows some separation between the two elements in the third row (Fig. 11C) . Similar to I. somersetensis, the bifurcation in I. conybeari somewhat separates two anterior elements in the third row. The first element of the posterior branch is somewhat longer proximodistally than anteroposteriorly (Fig. 11D) , but it lacks the distinct pentagonal shape seen in Protoichthyosaurus (Fig. 1) . Furthermore, I. conybeari almost always has a notched tibia, whereas Protoichthyosaurus never has a notched radius. Similarly, most hind fins of I. somersetensis have at least one notched element . However, Appleby (1979: fig. 1e ) illustrated a small forefin, designated a paratype of P. prostaxalis (LEICT G454.1951/164) , with what appears to be a notch in metacarpal two. None of the other specimens in this study have a notched element in the forefin. Because the specimen is missing, it is not possible to determine if it is a genuine notch or damage. Moreover, the fin, excluding the propodial, is less than 14 cm long (Appleby, 1979: fig.1 caption), within the size range of a hind fin of I. somersetensis. Until this specimen is found, we consider the lack of notching sufficient to distinguish a forefin of Protoichthyosaurus from a hind fin of I. somersetensis.
Of all of the species of Ichthyosaurus, the skull of I. somersetensis is most similar to that of Protoichthyosaurus prostaxalis, mainly because both species have a large, tall maxilla. The maxilla of P. prostaxalis is distinctly triangular, coming to a point dorsally, whereas the maxilla of I. somersetensis has a rounded dorsal margin. However, preservation might obscure this difference. On both species, in lateral view, the posterior process of the maxilla tapers to a very slender bone, but the process extends much farther under the orbit in I. somersetensis than in P. prostaxalis. However, the posterior extent of the process is strongly influenced by the orientation of the skull: it appears longer if the skull is in lateroventral view and shorter if it is in dorsolateral view, making the difference difficult to assess in skulls that are crushed at different angles. A more reliable distinction is in the shape and extent of the anterior process of the maxilla. In lateral view, the posterior process is longer than the anterior process in I. somersetensis (measured from the highest point of the maxilla), but the anterior process is longer than the posterior process in P. prostaxalis. Additionally, in I. somersetensis, it is broad and tapers abruptly to a point, whereas in P. prostaxalis it tapers more gradually and appears more slender. The lacrimal also differs between the two species in the presence of a 'shelf' at the base of the dorsal process in I. somersetensis that is probably absent in P. prostaxalis. Crushing, however, can obscure this feature. Less affected by crushing is the relative length of the dorsal and anterior processes of the lacrimal: the dorsal process is noticeably longer than the anterior process in P. prostaxalis, but the two processes are about the same length in I. somersetensis. The size and shape of the postorbital is also distinctly different between the two species. In I. somersetensis, the postorbital is a high, narrow crescent that makes up almost the entire posterior margin of the orbit. In P. prostaxalis, the postorbital is shorter and wider, making up only about half of the posterior margin of the orbit (similar to I. communis; Massare and Lomax, 2017) . Thus, in P. prostaxalis, the jugal constitutes about half of the orbit margin, whereas in I. somersetensis it has only a minor contribution. Finally, P. prostaxalis has a large, prominent internasal foramen, whereas species of Ichthyosaurus typically do not. The latter suggests that the large, fragmentary skull from Frick, Switzerland, referred to Ichthyosaurus by Maisch et al. (2008) could possibly be an example of Protoichthyosaurus. This specimen also has a pineal opening between the frontal and parietal, which might be the position in Protoichthyosaurus as well.
CONCLUSION
Unrecognized composite specimens and pathological forefins of specimens of Ichthyosaurus had given the impression that forefin morphology of individuals within Ichthyosaurus is more variable than it actually is. Forefin morphology was relied upon heavily in the initial diagnosis of Protoichthyosaurus (Appleby, 1979) , and misunderstanding of the variation resulted in the genus being synonymized with Ichthyosaurus (Maisch, 1997; Maisch and Hungerb€ uhler, 1997; Maisch and Matzke, 2000a; McGowan and Motani, 2003) . Protoichthyosaurus, however, is a valid genus that is distinct from all other Lower Jurassic genera, including Ichthyosaurus. The forefin lacks digit V but has an anterior digital bifurcation. It has a unique combination of only three elements in the distal carpal row, and a bifurcation of distal carpal 2, resulting in four elements in the metacarpal row. In addition to the forefin differences first recognized by Appleby (1979) , Protoichthyosaurus and Ichthyosaurus have differences in skull morphology as well. In lateral view, the skull of Protoichthyosaurus prostaxalis can be distinguished from all species of Ichthyosaurus in having a large, dorsoventrally tall, triangular maxilla with a longer anterior process than posterior process, extending well beyond the external naris, and a lacrimal with a dorsal process much longer than the anterior process. It also has a unique combination of skull characters shared with various species of Ichthyosaurus. The only known specimen of P. applebyi is incomplete and does not preserve unique skull characters that easily distinguish it from Ichthyosaurus. However, it possesses a unique combination of features in the skull that are shared with several species of Ichthyosaurus, including a narrow, crescentic postorbital (as in I. conybeari) and a low, symmetric maxilla (as in I. communis and I. larkini), and a prefrontal that extends to the level of the external naris, excluding the dorsal process of the lacrimal from the border of the orbit (as in I. larkini and I. somersetensis).
Recognition of the forefin morphology on at least 13 specimens, including a very small individual (Fig. 9) , indicates that the unusual morphology is not a pathology. Thus, two genera of wide-finned ichthyosaurs (five or more digits) with an anterior digital bifurcation are present in the Lower Jurassic of the U.K. This complicates the identification of fragmentary skeletons with a forefin or isolated forefins that had previously been identified as Ichthyosaurus. In the absence of an articulated skull (or at least the narial and orbital regions), the carpal portion of the forefin must be preserved in order to distinguish between the two genera. In addition, Protoichthyosaurus always has five primary digits, whereas Ichthyosaurus can have more. Accessory digits can be an issue, however, because in the distal portion of forefins of both genera, accessory digits are difficult to distinguish from primary digits because both have round elements.
Unlike other Lower Jurassic genera, Protoichthyosaurus cannot be distinguished from Ichthyosaurus solely on the basis of humerus morphology. Ichthyosaurus conybeari and I. anningae, however, have much shorter humeri relative to their width compared with those of Protoichthyosaurus, so they can be identified from an isolated humerus. In addition, I. communis and I. larkini can be distinguished from both species of Protoichthyosaurus by a more prominent dorsal process and a depression on the head of the humerus. The humerus of Protoichthyosaurus prostaxalis, however, is very similar to that of I. somersetensis, except that it lacks the depression on the head that occurs on all I. somersetensis specimens .
Specimens of Protoichthyosaurus are not common, but they are fairly widespread geographically in the U.K. Aside from NMW 2012.23G.1, all other known specimens are from historic collections and so their stratigraphic position is not well known. Although most appear to be Hettangian in age, two specimens from Lyme Regis (NHMUK R1063, OUMNH J.26971) could be younger, and specimens from the 'Pre-Planorbis Beds' could be older (Rhaetian). The recognition of Protoichthyosaurus as a valid genus increases the total number of Lower Jurassic ichthyosaurian genera from the U.K. to nine.
